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In this issue of Structure, Kitano et al. describe the structure of the DNA-bound winged-helix domain from the
Werner helicase. This structure of a RecQ/DNA complex offers insights into the DNA-unwindingmechanisms
of RecQ family helicases.RecQ DNA helicases are central genome
maintenance enzymes found in nearly all
organisms. Humans have five different
RecQ proteins: RecQ1, BLM, WRN,
RecQ4, and RecQ5. The study of RecQ
proteins has gained focus due to three
rare genetic diseases: Bloom’s, Werner’s,
and Rothmund-Thomson syndromes,
which arise from mutations in the genes
that encode BLM, WRN, and RecQ4 pro-
teins, respectively. Although they are dis-
tinct in their clinical manifestations, these
diseases share common characteristics
of increased genomic instability and can-
cer predisposition, consistent with roles
for each RecQ helicase in cellular genome
maintenance (Vindigni and Hickson,
2009). An important, but thus far ill-
defined, feature of RecQ proteins is the
mechanism underlying DNA binding and
unwinding. In this issue of Structure, Ki-
tano et al. (2010) describe the first molec-
ular image of any RecQ protein domain
bound to DNA, offering new insights into
RecQ function.
RecQproteins catalyze ATP-dependent
unwinding of DNA, preferentially acting on
DNA structures that resemble replication
and recombination intermediates such
as replication forks, Holliday junctions, D-
loops, and G-quadruplexes. Most RecQ
proteins share three conserved elements:
helicase, RecQ-C-terminal (RQC, which
includes Zn2+-binding and winged-helix
(WH) subdomains), and ‘‘helicase-and-
RNaseD-like-C-terminal’’ (HRDC) do-
mains. The helicase and RQC domains
generally comprise a minimal ‘‘catalytic
core’’ domain, whereas the HRDCdomain
is often dispensable for helicase activity.
Each of the RecQ domains has been
projected to play a role in DNA binding,
although structural models that define
how such binding occurs and is coordi-nated during DNA unwinding have been
hampered by the lack of direct structural
studies of RecQ/DNA complexes. In addi-
tion to these core domains found in most
RecQ family members, some RecQ
proteins also contain domains that are
important for proper subcellular localiza-
tion or that encode elements facilitating
protein interactions, oligomerization, or
extra enzymatic activities, such as the
exonuclease domain of WRN.
To understand how RecQ proteins
function, several labs have used structural
and biochemical approaches to examine
model RecQ enzymes. These efforts
have revealed the structures of each of
the major RecQ domains, including iso-
lated domains from human WRN (Hu
et al., 2005; Kitano et al., 2007; Perry
et al., 2006) and RecQ1 (Pike et al.,
2009), two bacterial RecQ proteins (Es-
cherichia coli [Bernstein and Keck, 2005;
Bernstein et al., 2003] and Deinococcus
radiodurans [Killoran and Keck, 2008]),
and Saccharomyces cerevisiae Sgs1 (Liu
et al., 1999). With this wealth of available
structural information from the past
decade of studies on RecQ proteins, the
new X-ray crystal structure of the DNA-
bound WRN WH domain described in
this issue of Structure represents an
important advance for understanding
how full-length RecQ proteins might bind
and unwind DNA.
The WRN WH/DNA structure reveals
two unexpected features. The first is that
the WH domain binds duplex DNA in an
unconventional way relative to other char-
acterizedWH-containingproteins. Inmost
cases, a prominent helix of the WH fold
protrudes into the major groove of duplex
DNA to form a complex. This arrangement
facilitates sequence-specific DNAbinding
that can induce a bend in the DNA (Gaji-Structure 18, February 10, 2010wala and Burley, 2000). In contrast to this
binding mode, the WRN recognition helix
does not appear to be directly involved in
DNA binding. Instead, an interhelical loop
(the a2-a3 loop) serves as the prominent
DNA binding site by interfacing with the
major groove of the DNA through a series
of hydrogen bonds and salt bridge con-
tacts to backbone phosphates. Interest-
ingly, the recognition helix in the human
RecQ1 catalytic core structure is buried
and not surface accessible (Pike et al.,
2009); however, the analogous a2-a3
loop of RecQ1 is surface exposed,making
it available for a similar DNA binding ar-
rangement (Figure 1A, left). In contrast,
the WH domain arrangement in the
E. coliRecQcatalytic core structurediffers
from that of RecQ1, leaving both the re-
cognition helix and the analogous a2-a3
loop surface exposed in theE. coli enzyme
(Bernstein et al., 2003; Pike et al., 2009)
(Figure 1A, right). Kitano et al. (2010) sug-
gest that use of the unusual DNA binding
surface used in theWRNWH domain may
be important for thebroad, non-sequence
specific activities of RecQ proteins.
The second unexpected feature is that
the structure captured a partially unwound
formof theDNAduplex inwhich theb-wing
of the WH fold appears to have wedged
apart the terminal base pair on the DNA
duplex (Figure 1B). Subsequent biochem-
ical analyses indicate that three hydro-
phobic residues in the b-wing (Figure 1B)
are important for WRN WH DNA binding
affinity. These observations dovetail with
earlier studies involving human RecQ1
that delineated an important role for the
b-wing in DNA unwinding: mutating a
phenylalanine at the b-wing tip abrogates
DNA unwinding (Pike et al., 2009). Again,
in contrast with the human RecQ proteins,
the E. coli RecQWH b-wing is significantlyª2010 Elsevier Ltd All rights reserved 149
Figure 1. Comparison of RecQ Helicases
(A) The WRN WH/DNA complex (blue) is shown overlaid with human RecQ1 catalytic core (orange, left) and with E. coli RecQ catalytic core (tan, right).
(B) Closeup showing the b-wing and important residues.
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residues when compared to either WRN
or RecQ1 (Figure 1B), and mutation of a
histidine at the tip of the E. coli RecQ
b-wing does not alter helicase activity
(Pikeetal., 2009).Theseobservations leave
open the question of whether all RecQ
proteins use a common mechanism for
DNA binding and unwinding. Nonetheless,
the observation that the WH b-wing is
important for DNA binding and unwinding
in WRN and RecQ1 supports a model in
which the WH domain splits the DNA
duplex using the b-wing as a wedge. One
can imagine that the helicase motor would
drive this reaction by pulling on the single-
stranded DNA that would be projecting
from the partially unwound duplex. Consis-
tentwith thismodel, superimposition of the
WRN WH/DNA structure onto the RecQ1
structure indicates that the 30 end of one
the strands could be oriented toward the
motor (Figure 1A).
Although this new study reveals a major
role for the WH domain in DNA binding,
many questions remain. One major ques-
tion is whether the model posited above,
in which RecQ helicase domain transloca-
tion on single-stranded DNA drives un-
winding by the WH domain, is complete150 Structure 18, February 10, 2010 ª2010 Eor if there are additional undiscovered
components. Additional structural and
biochemical experiments with catalyti-
cally active RecQ proteins will be essen-
tial for fleshing out the validity of this or
other models. A second question is
whether use of the WH b-wing as a
DNA-unwinding wedge is conserved in
all RecQ family members. As described
above, significant structural differences
between E. coli RecQ and the human
RecQ proteins studied to date indicate
that the b-wing is not as important in the
E. coli RecQ enzyme. Moreover, the
orientation of the E. coliRecQWH domain
relative to the rest of the protein is
different than that observed in human
RecQ1 (Pike et al., 2009), whichmay point
to a functional difference in how the do-
mains act during DNA binding and un-
winding. Alternatively, it may be that
DNA binding reorients the E. coli RecQ
WH domain to be similar to that of
RecQ1. A final major question arises
from the fact that all RecQ structures pro-
duced to date are missing one or more
domains. This leaves the question of
how any full-length RecQ protein coordi-
nates multiple domains to bind and
unwind DNA unresolved. This issue islsevier Ltd All rights reservedfurther complicated by the fact that
different RecQ proteins have distinct
substrate preferences and the domains
of these diverse family members play
different roles in substrate binding. While
this new structure takes us one important
step closer toward understanding how
RecQ proteins function, there is still
much to learn about the structure and
mechanism of RecQ DNA helicases.REFERENCES
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Bacteria produce a remarkable range of surface and secreted polysaccharides. Two pathways have
been defined for the biosynthesis and export of capsular polysaccharides and exopolysaccharides in
Gram-negative bacteria. A structure of AlgK described in this issue provides structural insight into a third
previously unrecognized pathway associated with important biopolymers (Keiski et al., 2010).The bacterial cell envelope is a complex
structure that balances two competing
requirements. It protects the cell from
stresses as diverse as the environmental
niches that the bacteria inhabit, while still
allowing the selective import and export
of molecules with a remarkable range of
sizes and physical properties. The outer
membrane is a characteristic feature in
Gram-negative bacteria. This atypical
lipid bilayer allows the passage of small
hydrophilic molecules, such as nutrients,
but acts as a molecular sieve to exclude
larger molecules and potentially harmful
hydrophobic compounds. Located bet-
ween the cytoplasmic and outer mem-
branes is a cellular compartment called
the periplasm, which contains the rigid
peptidoglycan layer. Enzymes located in
the cytosol and cytoplasmic membrane
produce a variety of large and complex
lipids, proteins, and glycoconjugates
that must traverse the barrier presented
by the cell envelope to reach their final
destinations in the outer membrane, on
the cell surface, or (for secreted macro-
molecules) in the external milieu. Highly
coordinated and efficient trafficking
systems perform these functions, and
details are now emerging concerning the
structural biology and biochemistry of
the molecular machines that are respon-sible. These studies have revealed con-
servation extending across bacteria with
different biology, as well as fascinating
structural principles that apply to different
classes of macromolecules. In this issue
of Structure, Keiski et al. (2010) provide
structural insight into a component of
the alginate exopolysaccharide (EPS)
translocation machinery, AlgK, and its
role in coordinating the assembly of the
multiprotein transenvelope complex in
Pseudomonas aeruginosa. Their data sug-
gest a new mechanism for EPS export
that may be shared by other bacteria.
Bacterial EPSs exist in two forms:
capsular polysaccharides (CPSs) are
linked to the cell surface forming a struc-
tural layer, while true EPSs are secreted
from the cell and retain little or no associ-
ation with the surface. These polymers
can play diverse roles in the biology of
bacteria including protecting the cell
from host defenses or from predation
by viruses or eukaryotic organisms,
participating in adhesion to surfaces,
and playing critical roles in the formation
of bacterial biofilms. CPSs and EPSs
exhibit a remarkable range of structural
diversity and their sizes (some exceeding
106 Da) represent a significant cellular
trafficking challenge. Despite the diver-
sity in CPS/EPS-producers and theirproducts, only two polymer translocation
processes have received detailed atten-
tion (Figure 1) (reviewed in Cuthbertson
et al., 2009).
In the ABC transporter-dependent
pathway, polymerization of the polysac-
charide chain occurs on a lipid acceptor
and is completed in the cytosolic com-
partment; chain extension occurs at the
non-reducing end. Export across the cyto-
plasmic membrane requires a member
of the ATP-binding cassette (ABC) trans-
porter superfamily. Representatives of
two classes of dedicated proteins are
needed to complete the translocation to
the cell surface; a polysaccharide copoly-
merase family 3 (PCP-3) protein, and a
member of the outer membrane polysac-
charide export (OPX) family (Cuthbertson
et al., 2009). From biochemical experi-
ments and protein sequence data, analo-
gies have been drawn between the overall
system and tripartite molecular machines
participating in drug efflux and ‘‘type 1’’
protein secretion in bacteria. In this
scenario, oligomers of the OPX protein
provide the efflux channel and the PCP-
3 plays a role similar to membrane-fusion
(MFP) or adaptor proteins, which couple a
pump to the channel (Cuthbertson et al.,
2009). The mode of polymerization of
CPS/EPS is fundamentally different inª2010 Elsevier Ltd All rights reserved 151
